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A HEMORRHAGIC DISEASE OCCURRING IN CHICKS
INOCULATED WITH THE ROUS AND
FUGINAMI VIRUSES*
F. DURAN-REYNALS
(WITH A SECTION ON HISTOPATHOLOGICAL FINDINGS
BY ROBERT M. THOMAS)
In the preceding paper' it was shown that antibody-like factors,
endowed with a suppressing power for viruses inducing tumors in
the fowl, are present in the blood serum of a great majority of adult
chickens, while they are generally lacking in the sera of chicks and
pullets. The next logical step was to compare the reaction induced
bysuch viruses injected intotheblood stream of chicks with reactions
induced by similar inoculations in adult chickens. In the present
study it will be shown that the disease induced in the chick by tumor
viruses injected intravenously is an acute generalized and hemor-
rhagic condition in which frequently those gross features whereby
neoplasms arerecognized cannot be detected. The problem of metas-
tasis formation will also be approached.
Rous, Murphy, and Tytler26 showed, in 1912, that the Rous virus,
injected intravenously into adult chickens without the production of tumors
at site of injection is far less effective than when it is injected directly into
tissues. In their experiments sarcomata arose in only 23 per cent of the
cases, mostly in the functioning ovary. This observation has been confirmed
by Cramer8 and Begg.4 Involvement of the ovary was also shown to take
place, by Ikeda,14 when Fuginami virus was similarly injected. Doerr, Bleyer,
and Schmidt8 studied the phenomenon quantitatively, and found that from
10 to 100 times the amount of virus effective in inducing sarcomata in the
muscle is ineffective when injected in the vein. Mellanby,18 however, found
a high incidence of tumors after vein injection and no ovarian growths, but
a metastatic origin of some of the tumors was possible in his experiments, since
the sarcoma developed around the injected vein in most cases. It would
seem from these results that in the adult chicken the cells of the vessel wall
are generally not affected by the virus.
* From the Department of Bacteriology, Yale University School of Medicine.
This investigation was aided by a grant from the Jane Coffin Childs Memorial
Fund for Medical Research.YALE JOURNAL OF BIOLOGY AND MEDICINE
Virus has frequently been found in the blood plasma or cells of chickens
bearing the Rous and Fuginami tumors (see Foulds' review11) and also in
organs without lesions."8 There are indications that natural or acquired
neutralizing factors determine whether this happens. Mellanby'8 easily
demonstrated the presence of virus in the organs between the 10th and 18th
days after injection, but later it was found much less frequently, and Doerr,
Bleyer, and Schmidt,8 Frankel,12 and Kusaki'6 obtained essentially the same
results. Pentimalli20 and Ragnotti2' found the virus to be constantly present
in the blood of chickens when the tumors had grown rapidly but only occa-
sionally when they grew slowly. When virus was injected intravenously
into resistant or susceptible chickens, it was never found later in the organs
of the resistant fowls but always in the susceptible ones.18
A rather paradoxical fact emerging from the work of the observers men-
tioned is that the Rous virus is most frequently found in blood and tissues
when metastases of the usual type are absent. This is in line with their obser-
vations, and those of workers on the Fuginami sarcoma17 and the Mill Hill
endothelioma,27 that metastases occur most frequently in fowls bearing slow-
growing tumors. This fact was first noted by Rous24 who supposed that in
fowls dying early sufficient time had not elapsed for metastases to occur.
Does the circulating virus play any part in metastatic formation? Accord-
ing to Rous,23 who judged by histological evidence, tumor cells seemed to be
wholly responsible for metastases and Foulds,"1 summarizing the situation,
states that "there is histological evidence for the development of secondary
tumors from transported cells, and little in favor of an action of the filterable
agent." At variance with this view are the conclusions of Doerr, Bleyer,
and Schmidt8 and others (see Foulds' review") who believe the virus to be
the cause of metastasis formation. An intermediate point of view is held by
Pentimalli20 and by Fischer.'0 These authors contend that in chickens resist-
ant to the virus metastases are formed by cells, whereas in chickens very
susceptible to the virus they are formed by the virus.
Rous and Murphy25 occasionally noted in tumor-bearing chickens hemor-
rhagic lesions, which were first found in the 8th generation, when the sarcoma
had attained great malignancy, and in especially susceptible hosts developing
vigorous tumors. They were present either in connection with areas of
necrosis at the center of primary tumor nodules or in certain viscera. Metas-
tases in the lung and heart were seldom hemorrhagic, but fatal bleeding was
found to occur from lesions in the liver and rarely from lesions in the ovary
and kidney. Bleeding in the spleen was prevented by the strong capsule of
the organ. "The liver substance may be riddled with discrete, spherical
cavities up to one centimeter in diameter, filled with fresh or old blood clots,
which, reaching the surface, take the form of blebs." It was inferred that
the lesions could be attributed to sarcomatous foci, destroyed for the most
part by the bleeding induced. Lesions of the same sort were later observed
by practically all workers in the field, but no special study has been made of
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them. Pentimalli20 speaks of them as "red metastases" which, he thinks, owe
their origin to the virus, in opposition to "white metastases" originated by cells.
Histological examination convinced him of the neoplastic nature of the red
metastases. Sugiura28 noted that 38 per cent of chicks dying from tumors
induced by grafts showed petechial hemorrhages in the liver. Moreover, the
tumor metastasized more quickly in chicks than in chickens.
Materials and methods
Tumors used. These were the Rous, Fuginami, and Rhodes Farm 4
sarcomas and the Mill Hill 2 endothelioma propagated through adult chickens
b)y injections of 0.5 cc. of tumor mass in each breast. Tumors from 8 to 10
days old were extracted to obtain the virus.
Virus preparations. Three types were used: (a) saline extracts obtained
by grinding the tumor tissue with sand, adding 19 volumes of saline solution,
and centrifuging the resulting material at 3000 r.p.m. for 20 minutes. Tests
showed that the occasional cells that might be present in these extracts had no
significant influence on the results; (b) filtrates of these through Berkefeld
N candles; (c) suspensions of purified virus obtained by Claude's technic,5
whereby the fresh tumor tissue is extracted twice with phosphate buffer using
9 volumes of buffer in each extraction. After centrifugation for 15 minutes
at 3000 r.p.m. and elimination of the gross sediment the extract is submitted
to high-speed centrifugation at 23,000 r.p.m. for 2V2 hours and the sedi-
mented material is suspended in buffer either for immediate use or to be
submitted to further purification by the same procedure. In the present
experiments the sediment was suspended in enough buffer or saline to give a
preparation of approximately the same virus concentration as in a 1 to 20
saline extract. These operations were kindly carried out by Dr. K. G. Stern.
Strains of chickens. Plymouth Rocks or a cross between this strain and
Rhode Island Reds ("Hallcross" or "Sports") have been used throughout.
The birds were of both sexes and varied in age from a few hours to 8 or 10
months.
Methods. All chickens, regardless of age, were injected by way of the
jugular vein reached by piercing the skin with a 27-gauge needle. This
operation in the chick proved to be easy and safe, provided the material was
injected slowly, e.g., at the rate of 0.5 cc. per half minute. When precau-
tions were deemed necessary to avoid virus contamination of the tissues around
the vein, the vessel was pierced with a clean needle, and after the material
had been injected the needle was flushed out with 5 cc. of saline prior to with-
drawal. This operation was carried out only when adult chickens were
injected. When attempted in chicks it increased the incidence of local tumors,
the tissues of these birds being evidently too susceptible to the inoculum for
the method to succeed.
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The effect of intravenous injection of Rous sarcoma virus into
chickens of different ages
In 14 separate experiments chickens widely varying in age were
injected. Since the experimental procedure was essentially the same
in every case, the results can be described and analyzed together.
Three virus preparations were used: (a) extracts of tumor tissue diluted
1: 20, 1: 200, and 1: 2000 in saline; (b) Berkefeld N filtrates of the above
extract diluted 1: 20; (c) suspensions of the virus purified by centrifugation
and conveniently diluted so as to have the same virus concentration as the
1: 20 saline extract. The three types of virus suspension gave identical
results.
All the adult chickens and pullets and some of the chicks were injected
with amounts of virus proportionate to the body weight. The proportion was
0.5 cc. of a 1: 200 dilution of the virus suspension for each 40 gm., which is
the average weight of a chick 1 to 3 days old. The other chicks were
injected with amounts of virus either above or below this proportion. Thus,
the tests provided results in which the dose of virus was constant and the age
of the fowl variable, and conversely. The number and ages of the fowls
injected are given in Table 1. Following injection of the chicks, rectal tem-
peratures were often taken and blood changes were studied by cell counts and
stained smears. At autopsy, blood and portions of the lesions were seeded
in a variety of bacteriological media and tissues were fixed for histological
examination in Zenker fluid containing 5 per cent formaldehyde.
In additional experiments, 20 chicks were injected in the vein with 0.5
cc. of virus purified by high-speed centrifugation and suspended in saline as
above described; 20 other chicks were similarly injected with saline solution.
Beginning 24 hours after these injections one chick from each group was
sacrificed and the tissues utilized for histological study.
Discussion of the results obtained may be approached by first
describing the different types of disease induced by the virus in fowls
of different ages; later the factors determining the appearance of
each of thetypes will be subjected to analysis.
The disease of the chick. The development of a generalized
hemorrhagic condition in the chick was the most striking result
obtained from the experiments. The disease manifested itself either
with no co-existent neoplastic features visible in the gross (Fig. 1),
or in a form in which hemorrhagic and neoplastic lesions were com-
bined. In both cases the disease followed either an acute course,
the chicks dying within 12 days after injection, or a more protracted
one, death being delayed until longer after injection.
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In the acute form the general health of the injected chick showed no
apparent change until a few hours before death. Then the red cell count and
the body temperature dropped rather abruptly and after a brief period of
obvious illness, sometimes lasting less than one hour, the chick died. Exter-
nal examination revealed almost constantly the presence of blood in the
peritoneal cavity, which could be seen, moving under pressure, through the
thin abdominal wall. Small tumors of hemorrhagic lesions in the neck tissues
where the skin was pierced by the needle to reach the vein were observed in
some cases.
On opening the body the blood in the peritoneal cavity was present in
comparatively large amounts, fluid or clotted, the latter always adherent to
one or several viscera. After the blood was washed away the organs were
pale with numerous darker hemorrhagic lesions. Such lesions were of three
types: (a) circumscribed, raised blebs; (b) more diffuse, flat, small, petechial
spots; and (c) similar but larger extravasations of blood. The blebs varied
in size from a fraction of a millimeter to several millimeters; they were con-
stantly present in the liver and spleen, less frequently in gonads, intestines,
pancreas, and kidneys, and rarely or never present in other viscera. In the
liver they often protruded from the surface of the organ; evidently they can
easily rupture and the subsequent hemorrhage is the obvious cause of death.
Extravasations of varying size, sometimes involving half the organ, and
petechial spots were frequently observed in the lung and kidney, and much
less often in those organs where the blood blebs are the usual lesion. They
were occasionally observed in the skin, heart, muscles, periosteum, and serous
membranes. Pericardial exudate was present in some instances. The central
nervous system was always free of lesions.
Most affected of all the viscera was the spleen, which appeared greatly
enlarged and showed numerous central or peripheral blebs. The organ was
almost invariably covered by a clot, indeed, often times was a mere blood
clot. Next to the spleen, the liver showed the most pronounced alterations;
blebs were mostly located at the periphery and a large clot was generally
adherent to its surface. The gall-bladder sometimes contained bloody bile.
Cultures from blood and from lesions, if taken before putrefaction set in, were
always negative. In 5 cases 0.5 cc. of blood from dying chicks were injected
subcutaneously into adult chickens; in 4 cases tumors developed.
The foregoing description corresponds to the pure form of the
hemorrhagic disease in which no generalized neoplastic lesions are
grossly visible; this form of the disease occurs whether or not chicks
show a local lesion around the injected vein. In the combined
form of disease, small, white nodules, easily recognizable as tumors,
are seen alternating with the hemorrhagic lesions. Again, liver and
spleen are the most frequently affected organs. Lungs are com-
paratively little involved.
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In the protracted form the general condition of the chick declined pro-
gressively, sudden death by hemorrhage being rare. Tumors around the
injected site were more frequent than in the acute form. Autopsy revealed,
in a great majority of cases, a disease of a combined type, large widespread
neoplastic growths co-existing with hemorrhagic lesions. However, in a few
cases the disease had a mild character and only discrete lesions of either sort
were found. Death in such cases occurred long after virus injection. The
hemorrhagic lesions frequently seen were the familiar blebs, but large sacs or
purses filled with blood, sometimes 1 cm. in diameter and assuming bizarre
shapes, were also observed. In a minority of cases, a pure neoplastic disease
was found, the lungs being the organ most affected.
In the chicks injected with virus and sacrificed at different inter-
vals thereafter no gross lesions were clearly noticeable until the 7th
day after the injection. These were small, typical hemorrhagic
blebs located in the spleen.
Histopathological findings.* In their discussion of the hemor-
rhagic lesions found in very susceptible adult chickens, Rous and
Murphy25 state that hemorrhage is due to the involvement of the
vessel wall by tumor growth. However, it would seem necessary to
consider the possibility that the virus may act directly on the elements
of the vessel wall, either the endothelium or the underlying connec-
tive tissue, without concomitant tumor growth. Accordingly, a histo-
logic study was made of a large number of hemorrhagic and
neoplastic lesions in chicks. Serial sections were prepared and stained
with hematoxylin-eosin or with the Masson trichrome stain. Since
the lesions induced by the Rous and Fuginami viruses are similar
they will be described together.
Variations in the infectivity of the inoculum and in the suscepti-
bility of the chicks make it difficult to discuss the lesions from the
standpoint of chronological development; lesions found in a single
fowl showed marked variation in severity.
The earliest recognizable lesions consist of scattered small hemorrhages,
with little evidence of injury to the endothelium save at the point of rupture.
A slight swelling of the endothelial cells is observed occasionally. In chicks
killed from 3 to 5 days after inoculation these are the only lesions found and
they are present only in liver and spleen. In many chicks which died early
the hematomata, which in the gross have been described as "blebs," were
* This portion of the study was carried out in collaboration with Dr. R. M.
Thomas.
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seen in many organs (Figs. 2 and 5). In the liver and spleen these were
associated with some proliferation of cells in the sinusoids (Fig. 3). At times
the two processes are associated, but frequently they are not. Moderate
necrosis of the liver cells is seen in some instances. The proliferated cells in
the sinusoids are round, with an abundant clear cytoplasm and they have a
large nucleus containing one or two prominent nucleoli.
In the later stages the hemorrhagic lesions are increased in number and
size (Fig. 6); the proliferated cells in the sinusoids can now be identified as
tumor cells, and the necrosis of liver parenchyma is more marked (Fig. 4).
There may be lesions which show both hemorrhage and tumor formation,
as well as separate and distinct lesions of one type or the other. The further
development of the neoplastic tissue may lead to occlusion of larger vessels,
especially in the liver, and infarction of a portion of the organ may result.
This process, seen in several preparations, suggested that a similar process,
occurring in the small veins, might be responsible for the hemorrhagic lesions,
but careful study of many small hemorrhagic lesions failed to support this idea.
On the assumption that the cause of the hemorrhagic lesions might be an
effect of the virus on the subendothelial connective tissue which involved the
endothelium only indirectly, many hemorrhagic lesions in parenchymatous
organs were studied without disclosing any evidence to support this view. In
a few cases the large vessels at the base of the heart were found to be the
site of tumor growth. In these instances the tumor growth was confined to
the subendothelial connective tissue of the intimal coat (Fig. 7). These
fowls, however, had evident tumor growth in other organs, and in no instance
has there been any evidence of the neoplasia originating in the walls of small
vessels.
The foregoing description of the lesions in the liver and spleen
holds for the lesions which have been encountered in the other
organs, e.g., the testis, pancreas, and lung.
With respect to the hemorrhagic lesions arising in the subcu-
taneous tissues of the neck around the injected vein it will suffice
to say that, as in the case of comparable lesions in viscera, there may
be cases showing both neoplasia and hemorrhage, as well as cases
showing separate lesions of one type or another.
The disease of the pullet and the adult chicken. The disease in
pullets generally exhibited the characters of the combined hemor-
rhagic neoplastic disease of the chick, but in a minority of cases only
neoplastic lesions were observed.
The hemorrhagic lesions were, in general, larger than those seen in the
chick, and in some cases a new feature, never present in the latter, was
observed. This was a pronounced involvement of both caeca, which appeared
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distended and filled with a bloody material. Previous infection of the organs
by a sporozoon, Eimerja tenellum,22 often found in these lesions, may have
been responsible for such an unusual localization of the virus. In this relation
the localization of the virus with tumor formation in the functioning ovary of
adult fowls may be recalled.
In the case of chickens our results agree with those of previous
workers. In the great majority of cases only neoplastic lesions are
observed; the ovary is very frequently affected. In the rare cases
in which hemorrhagic lesions were induced they consisted of a few,
but large, blebs always co-existing with tumors; they were most
commonly found in the ovary and liver.
Factors determnimng the type of disease induced by the
Rous virus injected intravenously
By grouping the results of the 14 experiments an analysis of the
part played by these factors will be facilitated (Table 1). Table 1
shows that two factors, namely, age of the host and dose of virus,
are of manifest importance in determining the type of disease
induced by the Rous virus injected intravenously.- Results show
that 80 per cent of the chicks and pullets from 1 day to 3 weeks old
developed acute hemorrhagic disease, with or without neoplastic
features; the incidence of disease dropped to 55 per cent in
pullets from 4 to 12 weeks old, neoplastic lesions always being
found in these cases; in chickens from 6 to 8 months old hemor-
rhagic lesions, never pronounced, were observed in only 15 per cent.
These results refer to birds injected with doses of virus proportion-
ate to their body weight. In the case of the chick, it is evident that
the incidence of the hemorrhagic lesions is greatest and the survival
after injection is shortest in those injected with the largest amounts
of virus. Thus, 76 per cent of the chicks from 1 to 3 days old dying
with purely or predominantly hemorrhagic disease had been injected
with 1: 20 tumor extract. However, exceptions to these rules show-
ing an inherent individual reactivity to the virus in early life are
shown in the table. No case of complete resistance to the virus was
observed.
Another aspect oftheresults, obtained in adult chickens, deserves
some comment. Our data show that 28 per cent of them failed to
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develop lesions after intravenous injections of virus.* This shows
that adult chickens are more resistant than are chicks and pullets to
virus introduced by this route.
In summary, chicks injected intravenously with the Rous virus
always develop disease; in some cases this is an acute hemorrhagic
condition without lesions showing the gross and microscopic charac-
teristics whereby tumors are recognized, in other cases neoplastic
formations co-exist with the hemorrhagic lesions. Older pullets
iinjected intravenously with doses proportionate to their weight
develop more neoplastic and less hemorrhagic lesions, and they may
occasionally survive, while adult chickens similarly injected develop
mainly neoplastic lesions, often no lesions of any kind.t
The effect of subcutaneous injections of Rous virus into chickens of
different ages
Following injections into the jugular vein, three types of local
lesions often developed; neoplastic, hemorrhagic, and a combination
of both. Obviously, such lesions resulted from infecting the subcu-
taneous tissues around the vein with small amounts of virus.
The hemorrhagic lesions consisted of blood blebs, a few milli-
meters in diameter, of the sort so frequently seen in viscera. They
were discrete and protruded from the esophagus, muscles, thymus
gland, or loose connective tissue and also from the tumor tissue. In
some cases the lesion was a mere blood sac of from 0.5 cm. to 1 cm.
in diameter. Such lesions were often observed in chicks, occasion-
ally in pullets, but never in adult chickens. A study was made of
the incidence of each of the 3 types in chicks showing the 3 types of
generalized disease. Table II presents the data on 88 chicks from
I to 9 days old injected intravenously with 0.5 cc. of virus dilutions
varying from 1: 20 to 1: 2000.
* In the case of 6 of the 20 chickens injected the needle was flushed with saline
after the material was injected. In only 2 of these cases did local tumors of the
neck develop, while in the other 14 cases 9 such tumors occurred. However, in 7
of the birds generalized growths occurred in the absence of local tumors of the neck.
tTwo sets of experiments were performed in attempts to modify the suscepti-
bility of the adult chicken to intravenously injected virus. In the first set, 6
chickens were prepared by breast injection of tar or dibenzanthracene. Three
sarcomata developed. Six months later these birds, along with 6 normal chickens,
were injected with virus intravenously. In the second experiment 6 chickens were
injected intravenously with mixtures of virus and potent preparations of spreading
factor from bull testes, while 6 others received virus and saline. In neither case
did the test animals react to the virus injection differently from the controls.
86VIRUS HEMORRHAGIC DISEASE OF CHICKS
TABLE 2
THE TYPES OF LOCAL AND GENERALIZED LESIONS INDUCED BY THE ROUS VIRUS
IN CHICKS
Types of local lesions
Combined Survival of
Types of gencralized No. of Pure hemorrhagic- Pure No chicks showing
disease obtained chicks hemorrhagic neoplastic neoplastic lesion local lesion
Pure hemorrhagic 53 9 6 12 26 12 days
(17%) (11%) (22%) (49%)
Combined hemorrhagic-
neoplastic 25 0 3 12 10 12 days
(0%) (12%) (48o) (40%)
Pure neoplastic 10 0 0 6 4 24 days
(0%) (0%/) (60%) (40%G)
From the table it is clear that the highest incidence of each of the
types of local lesions occurred among chicks showing visceral lesions
of the same sort. Data, not included in Table 2, showed that all
chicks which developed pure hemorrhagic local lesions were from
I to 3 days old and had been injected with large amounts of virus,
wvhereas, in general, chicks that developed the purely neoplastic
type were older, and had received, as a rule, smaller amounts of
virus.
The coincidence between the type of lesions developing about
the site of injection and in the viscera cannot be explained by dif-
ferences in the survival time, which was the same in the two groups.
Nor can it be accounted for by assuming that the visceral tumors
were merely metastases of the local tumor, for thiswould not explain
why local tumors developed in some cases and not in others. More-
over, such an assumption is hardly plausible, because, as will be
shown later, metastatic tumors in chicks are found almost exclusively
in the lung, whereas tumors resulting from intravenous inoculation
of virus are found in most of the other viscera but rarely in the lung.
Manifestly, the two main factors, age of the host and dose of
virus, that determine the type of generalized disease after intra-
venous injection of the virus also determine the type of local disease
after subcutaneous inoculation.
The hemorrhagic or neoplastic nature of the metastatic lesions in
chickens bearing Rous sarcomas
As mentioned in the introduction to this paper the occasional
finding of hemorrhagic blebs in the viscera of very susceptible
chickens, in which tumors grow with great vigor, is familiar to all
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workers in this field. After what has here been reported concerning
the influence of the age of the host on the hemorrhagic or neoplastic
nature of the primary lesions induced by the Rous virus it would
scarcely be surprising to find a similar state of affairs in the meta-
static lesions. However, in the latter case such influence is far less
regular than in the case of primary lesions, as is well shown in Table
3 where some of the variables have been considered.
Table 3 shows dearly that, with someexceptions, the incidence of
both hemorrhagic and metastatic neoplastic lesions is in an inverse
relationship with the age of the host, and also in a direct relationship
with the dose of virus injected. The results also show a selectivity
of tissues for developing either neoplastic or hemorrhagic lesions;
lung being the most common site for the former, spleen for the
latter. In older pullets the pancreas is a favored tissue for develop-
ing hemorrhagic lesions. One must notice, also, that in young,
sexually immature birds lesions of the ovary never occur.
In the following experiment it is shown that the resistance of
adult chickens, as compared to chicks, to the development of hemor-
rhagic metastases can be overcome in certain individuals if the virus
inducing the primary growths is especially active and is injected in
large amounts.
Experiment. Each of 10 adult chickens was injected intradermally in
12 areas on the breast with 1 cc. of a 1: 20 extract of tumor. The tumor
used was particularly vigorous, since only 5 days after being grafted it had
invaded comparatively large areas of the breast. The results are recorded in
Table 4.
Typical hemorrhagic metastatic lesions followed the injection of
large amounts of a very active virus only in those more susceptible
individuals where tumors grew rapidly. The same selectivity of
tissues for developing neoplastic or hemorrhagic lesions, as stressed
in the foregoing section, is also evident here. Moreover, in these
chickens the ovary, an organ very commonly affected when the virus
is injected in the vein, also shows an unusually high incidence of
metastatic lesions, either hemorrhagic or neoplastic.
The gross features ofthe hemorrhagic lesions in adult fowls need
not be detailed, since they have been carefully described by Rous
and Murphy.25 It will suffice to say of those in the chick and pullet
that the gross features are essentially the same and like those occur-
ring when the birds are injected in the vein and a disease of neoplas-
tic-hemorrhagic type results.
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As regards the incidence of metastases in adult hosts injected with
virus preparations of ordinary activity, the results here presented
agree with those of previous workers; the longer the chicken sur-
vives the more likely is their occurrence. Some evidence of this is
recorded in experiments 3 and 4 of Table 3. Analysis of results
from 3 other different but comparable experiments shows that of 31
chickens injected with virus preparations of ordinary activity only 2
dyingwithin 30 days after inoculation developed metastases, whereas
14 that lived beyond that period developed them. (Table 1 of the
preceding paper also contains pertinent data on this matter.) This
rule does not apply at all to young hosts injected with ordinary virus
or to adults injected with massive doses of a very active virus (see
Tables 3 and 4); and it would seem that factors other than survival
after injection24 are responsible for the outcome.
Passages of the Rous virus through chicks. The possibility that
the Rous tumor was carrying another virus, the inductor of the
hemorrhagic disease, had to be considered. It was thought that if
another virus was the cause of the disease, the tumor-inducing virus
might be eliminated after passages through the chick. Accordingly
the following experiment was devised.
Experiment. Chicks from 1 to 2 days old were used, and those of the
first passage were injected with 0.5 cc. of a suspension of virus purified by
high-speed centrifugation. When the first chick of each passage died, usually
after from 7 to 9 days, the others were killed, spleens removed from all,
extracted with 19 volumes of saline solution, and the extract was used for the
next passage, each chick being injected in the vein with 0.5 cc. Eight pas-
sages were carried out. At the 4th, 5th, and 8th passages 2 adult chickens
were injected intradermally with 0.5 cc. of the spleen extract at dilutions
varying from 1: 20 to 1: 200,000. The results can be summarized as fol-
lows: all chicks without exception developed a typical hemorrhagic disease
without gross neoplastic lesions; all adult chickens developed typical sarcomas
of the ordinary sort, with no hemorrhagic lesions.
This experiment shows that after repeated passage of the infec-
tious material present in the Rous sarcoma through the chick where
only hemorrhagic lesions were induced, typical sarcomas developed
when the infected tissues of these birds were injected into adult
chickens.
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Theoeffect of intravenous injections in the chick of the viruses
inducing Fugiami sarcoma and Mill Hlill 2
endotheliomas in the adult chicken
Extending the results obtained with the Rous virus a study of
the effect onthe chick ofthe Fuginami and Mill Hill 2 viruses, very
active in inducing tumors in the adult chicken, was undertaken.
The disease induced in the adult by the virus of the Fuginami myxosar-
coma bears a close resemblance, both clinically and histologically, to that
induced by the Rous virus but in contrast to the many studies made of the
histogenesis of the Rous tumor (see Foulds' review11) little is known about
the Fuginami tumor in this respect. The virus of the Mill Hill 2 endo-
thelioma, described by Begg4 and by Murray and Begg,'9 induces in the
adult rapidly growing local tumors followed by widespread metastasis. The
cells mainly affected by the virus are the macrophages and those of the capil-
lary endothelium. The induced proliferation of the latter often results in
partial or total obstruction of the vessel. Judging from the results of
Andrewes2 there is probably a closer immunological relation between the
viruses of the Rous sarcoma and Mill Hill 2 endothelioma than between the
Rous and Fuginami viruses.
Fuginami sarcoma. In work upon the Fuginami sarcoma the following
groups of birds were employed: (a) 11 chicks 24 hours old; (b) 8 chicks
7 days old; (c) 3 chickens 8 months old. These were injected intravenously
with filtered tumor extracts in amounts proportionate to their body weights,
the proportion being the same as when Rous virus was similarly injected.
Three chicks from group (a) were sacrificed from 3 to 8 days after injection
to provide material for studying early lesions. For the rest of the animals
the results can be summarized as follows: the remaining chicks from group
(a) died within 8 to 16 days after injection showing a typical hemorrhagic
disease, either alone or combined with gross neoplastic features; 5 chicks of
group (b) died in from 19 to 24 days after injection. They showed a neo-
plastic disease with only a few hemorrhagic lesions. The 3 remaining chicks
of this group were killed 40 days after injection and were found to be free of
lesions. The 3 chickens of group (c) developed tumors around the injected
vein, but no visceral lesions were observed when they were killed 20 days
after the injection.
It thus appears that the gross local and visceral lesions induced
in the chick by the Fuginami virus are very similar to those induced
by the Rous virus. Gross lesions were not observed at autopsy until
8 days after injection, but typical microscopic hemorrhages were
observed 5 days after injection. Microscopic study of the lesions
induced by the Fuginami virus revealed essentially the same facts,
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and allowed the same conclusions, as in the case of similar lesions
due to the Rous sarcoma.
Mill Hil 2 endothelioma. Six chicks 24 hours old and 5 chicks 9 days
old were each injected intravenously with 0.5 cc. of a 1:20 extract of tumor
in saline. The birds died within from 7 to 27 days after injection. Autopsies
showed a gross picture essentially the same as that seen in adult chickens.4' 19
Microscopic study revealed, in every case, extensive involvement of the paren-
chyma of the liver, spleen, and kidney as a result of endothelial proliferations.
Partial or total occlusion of vessels was a common occurrence, yet hemor-
rhagic lesions of the type associated with the Rous and Fuginami sarcomata
were entirely lacking.
It seems, then, that the Fuginami virus when injected intra-
venously into the chick leads to a result almost identical to that
induced by the Rous virus similarly injected, while, on the contrary,
the virus of the Mill Hill 2 endothelioma, injected by the same
route, induces lesions which are essentially the same as with the vis-
ceral lesions observed in adult chickens dying from the generaliza-
tion of locally induced tumors.
Effect on the chick of nweoplastic Liruses of low activ'ity for the adult
chicken. Control experiments
The production in the chick of a hemorrhagic disease by two
viruses which are very active in inducing sarcomata in the adult
raised the question whether viruses of little or no activity for the
latter host would induce hemorrhagic lesions in the chick. Another
question was whether such lesions could also be induced by materials
other than chicken tumors. The experiments bearing upon these
two questions will be described together.
Experiments. The preparations tested were: (a) Extracts and filtrates
from the Rous and Fuginami sarcomata which, for obscure reasons, proved
to be inactive in the adult chicken; (b) filtrates of the Rhodes Farm 4 sar-
coma' (only rarely inducing tumors in the adult chickens) and of two
chicken sarcomata induced by chemical carcinogens; (c) extracts of two
transplantable mouse tumors; (d) filtrates of extracts from chicken feces,
feathers, or lice; (e) horse serum, plain broth, and saline solution. Each of
these materials was injected intravenously into groups of 5 or more chicks;
the usual dose being 0.5 cc. of 1: 10 extract. When materials from chicken
tumors were employed the chicks from the first group were killed within from
7 to 10 days after the injection, their tissues were extracted and injected intra-
venously into a second group. This was continued through 4 or 5 such
passages.
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The results can be summarized by stating that in no case did any
ofthe injected chicks show evidence oflesions of the sort found when
active tumor materials are injected.
Discussion
Known pathological conditions in chickens to which the hemor-
rhagic disease here described may bear even a remote resemblance
are few indeed. The hemorrhagic lesions in the acute epidemic
diseases of the fowl, such as plague, cholera, laryngotracheitis,22 and
in the "hemorrhagic disease" of the chick deficient in vitamin K1' 7,"
are entirely different from those present in the disease induced by
the Rous and Fuginami viruses.*
The latter disease appears to be a third sign of the susceptibility
of the host to the two sarcomata viruses. (In the preceding paper9
it was shown that the other signs of susceptibility were the constant
response to very small amounts of virus and the induction by the
latter of large tumors.) All these manifestations of susceptibility
are found in the chick, the blood of which is devoid of suppressing
power for the virus. Occasionally they can also be found in the
adult chicken.
Accepted explanations for hemorrhage in connection with tumor
growth include invasion of blood vessels from without, necrosis of
tumor tissue with involvement of adjacent vessels, and local changes
in the circulation due either to occlusion or compression of neighbor-
ing veins. But these features have been notably absent in the prepa-
rations of the tissues of the chicks in which hemorrhage has been a
prominent factor. Conversely, in adult chickens, in which metastatic
tumor growths have been extensive and widespread, hemorrhage is
a rarity. Likewise, in chicks inoculated with the Mill Hill 2 tumor,
which actively invades the vascular elements of the organs in which
it occurs, hemorrhage of the type described above is never encoun-
tered. When arteries of the chick are occluded by either sarcoma
or endothelioma, anemic infarcts occur, and this condition is also
seen, commonly, in chicken tissues extensively involved by sarcomata.
The possibility remains that an invasion of the vessel wall by
sarcomatous foci arising from fibroblasts of the subendothelial tis-
sues is the cause of the hemorrhages. If this is the case we must
* In other experiments it has been shown that the hemorrhagic disease in chicks,
which follows virus injection, can not be modified by daily injections of large
amounts of the vitamins C and K.
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assume that malignant transformation of these fibroblasts* takes
place only in very susceptible hosts in whose blood the virus-
suppressing antibody is not present. On the contrary, in adult
chickens in which the antibody is present, the fibroblasts of the vessel
wall would be selectively protected, whereas fibroblasts in other
locations would be susceptible.
Since histologic study of the early hemorrhagic lesions failed to
reveal any such neoplastic foci in the vessel walls, the possibility
must be considered that this hemorrhage in chicks may result from
direct action of the virus on the vessel wall. But here again, the
histological approach gives only an ambiguous answer, and a clear
proof of a necrotizing effect of the sarcoma virus on endothelial cells
or fibroblasts of the vessel wall is lacking. However, one should
keep in mind the work of Keogh,'5 who showed that cells other than
fibroblasts, namely, the epithelia of the chorio-allantois, can be
affected by the Rous virus so that real epitheliomas result. The
Fuginami virus is ineffective in this respect.
Metastasisfornation. To facilitate discussion, the findings associ-
ated with metastasis, those of other workers, as well as our own, have
been summarized in Table 5.
From Table 5, and also from Tables 3 and 4, it is manifest that
hemorrhagic visceral lesions ("red" metastases) are produced when
virus is present in the blood of tissues, and when little or no antibody
is present in the blood. These lesions have essentially the same
gross and microscopic traits as do those induced by the virus injected
intravenously, and, as in the latter case, the spleen and liver are the
most commonly affected organs, the lung being generally spared.
It would seem that "red" metastases are produced by the virus in
the young host, as Pentimalli20 has suggested for the very susceptible
adult. As for the "white" metastases, it has been shown that in both
the young host and in the very susceptible adult in which many
vigorous primary tumors have been induced they are as frequent as
are "red" metastases. But, regardless of the susceptibility of the
host, "white" metastases show a special predilection for the lung and,
to a minor extent, for the liver and heart. The fact that in very
susceptible hosts "white" metastases are often found in unusual loca-
tions, such as the ovary and pancreas, organs commonly affected by
the virus when intravenously injected, suggests that these metastases
are also produced by the virus rather than by the cells.
* From our observations it would appear improbable that under the influence
of the virus white blood cells can be the source of the tumor.
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In the last two groups of chickens in Table 5 we find the para-
doxical fact, commented upon in the introduction, that those indi-
viduals showing great amounts of viral antibody, and with no virus
present in their blood, are precisely those that show the greatest
incidence of metastasis. That a mere matter of survival after injec-
tion' cannot wholly account for the fact is well shown by results
in groups (a) and (b), where this survival was very short and yet
metastases, presumably induced by both virus and cells, were
numerous. A logical explanation would be that metastases in group
(d) are exclusively induced by cells against which the viral antibody
is noteffective, whereas, in group (c) the amount of antibody present
in the blood would be sufficient, in most cases, to suppress the circu-
lating virus present in smaller amounts than in group (b). The
immediate cause of death in chickens of group (c) is a matter of
conjecture.
Summary
When chickens are injected intravenously with the viruses induc-
ing the Rous and Fuginami sarcomas, in doses proportionate to the
body weight of the host, notably different types of lesions are
obtained according to the age of the bird.
In the chick, a host devoid of virus-suppressing antibody, the
disease frequently reveals itself by the exclusive development of
lesions manifest in the gross by blood blebs and extravasations of
blood. These lesions are largely confined to the viscera and cause
death in a few days. In pullets, gross tumor nodules are seen side
by side with the hemorrhagic lesions. The adult chicken, a host
endowed with virus-suppressing antibody, is much less apt to
develop lesions of either type, and when present they are mostly
neoplastic. These types of reaction to the virus can be markedly
changed by variations in the amounts of virus injected, and they can
be fortuitously modified by individual variations of resistance.
The hemorrhagic or neoplastic lesions induced by the virus
injected under the skin are also conditioned by the age of the host,
and this conditions, as well, both the incidence and type of metastatic
lesions. Chicks develop extensive metastatic lesions, both hemor-
Ihagic and neoplastic, as do especially susceptible adult chickens in
which vigorous local tumors have been induced.
Using the intravenous route, after 8 passages through the chick
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in which only gross hemorrhagic lesions were induced the virus
gives rise to typical sarcomas when injected into the adult.
In contrast with the viruses inducing sarcoma, that responsible
for the Mill Hill 2 endothelioma has never induced hemorrhagic
lesions when injected intravenously into chicks.
The possibility that the sarcoma virus exerts a necrotizing effect
on endothelial or connective tissue cells of the vessel walls is
discussed.
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28 Sugiura, K.: J. Cancer Research, 1926, 10, 481.FIG. 1. Typical hemorrhagic disease in a Plymouth Rock chick injected intraven-
ously, a few hours after hatching, with active, filtered extract of Rous sarcoma.SS-vir~~~~~~jw8U- Afl-i. 74s"ea -otZr ; ;r -e
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FIG. 2. Section of spleen showing hemorrhages inmmediately beneath tlhe surface. The chick died
7 days after the intravenous inijection of Fuginami virus. X80.
FIG. 3. Liver of a chick dying 12 days after the intravenous injection of Rous virus. Proliferation
of cells within the sinusoids with atrophy of the cords. X350.
FiG. 4. Typical nodule of tumnor tissue in tile liver of the same chick as in Fig. 6. x 75.6
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FIG. 5. Section of the small intestine showing a hemorrhage beneath the serosal surface in the
same chick as in Fig. 2. No malignant proliferation was observed around or in these lesions. X80.
Fio. 6. Spleen of a chick that died 16 days after intravenous injection of Rous virus. The entire
parenchyma has been replaced by tuimor tissue in which nmany hemorrhages are to be seen. X20.
Fi. 7. Section of the aorta showing occlusion by tumor tissue apparently arising from the sub-
endothelial tissue. The chick died 15 days after the intravenous injection of Rous virus.